The critical behavior of the disordered ferromagnetic Ising model is studied numerically by the Monte Carlo method in a wide range of variation of concentration of nonmagnetic impurity atoms. The temperature dependences of correlation length and magnetic susceptibility are determined for samples with various spin concentrations and various linear sizes. The finite-size scaling technique is used for obtaining scaling functions for these quantities, which exhibit a universal behavior in the critical region; the critical temperatures and static critical exponents are also determined using scaling corrections. On the basis of variation of the scaling functions and values of critical exponents upon a change in the concentration, the conclusion is drawn concerning the existence of two universal classes of the critical behavior of the diluted Ising model with different characteristics for weakly and strongly disordered systems.
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I. INTRODUCTION
Analysis of the critical behavior of disordered systems with quenched structural defects is of considerable theoretical and experimental interest. Most real solids contain quenched structural defects, whose presence can affect the characteristics of the system and may strongly modify the behavior of the systems during phase transitions. This leads to new complex phenomena in structurally disordered systems, which are associated with the effects of an anomalously strong interaction of fluctuations of a number of thermodynamic quantities, when any perturbation introduced by structural defects (even in small concentration) * E-mail: prudnikv@univer.omsk.su may strongly change the state of the system. The description of such systems requires the development of special analytic and numerical methods.
The following two questions arise when the effect of structural disorder on second-order phase transitions is investigated: (i) do the critical exponents of a homogeneous magnet change upon its dilution by nonmagnetic impurity atoms? and (ii) if these exponents change, are the new critical exponents universal (i.e., independent of the structural defect concentration up to the percolation threshold)? The answer to the first question was obtained in [1] , where it was shown that the critical exponents of systems with quenched structural defects change as compared to their homogeneous analogs if the critical exponent of the heat capacity of a homogeneous system is positive. This criterion is satisfied only by 3D systems whose critical behavior can be described by the Ising model. A large number of publications are devoted to the study of the critical behavior of diluted Ising-like magnets by the renorm-group methods, the numerical Monte Carlo methods, and experimentally (see review [2] ). An affirmative answer has been obtained to the question concerning the existence of a new universal class of the critical behavior, which is formed by diluted Ising-like magnet. It remains unclear, however, whether the asymptotic values of critical exponents are independent of the rate of dilution of the system, how the crossover effects change these values, and whether two or more regimes of the critical behavior exist for weakly and strongly disordered systems; these questions are the subjects of heated discussions.
This study is devoted to numerical analysis of the critical behavior of a diluted 3D Ising model in a wide range of concentration of quenched point defects. The fundamental importance of the results of this study is due to stringent requirements to simulation conditions imposed in the course of investigations; the wide range of linear dimensions of lattices (L = 20 − 400) analyzed in this work; the chosen temperature range of simulation close to the critical temperature with τ = (T − T c )/T c = 5 · 10 −4 − 10 −2 , which makes it possible to single out the asymptotic values of characteristics; high statistics used for averaging of thermodynamic and correlation functions over various impurity configurations; the application of finite-size scaling technique [3] for processing the result of simulation, which makes it possible to obtain scaling function for thermodynamic functions apart from their asymptotic values; and application of corrections to scaling for determining the asymptotic values of critical exponents.
II. COMPUTER SIMULATION TECHNIQUE AND RESULTS
We consider a model of a disordered spin system in the form of a cubic lattice with linear size L under certain boundary conditions. The microscopic Hamiltonian of the disordered Ising model can be written in the form
where J ij is the short-range exchange interaction between spins σ i fixed at the lattice sites and assuming values of ±1. Nonmagnetic impurity atoms form empty sites. In this case, occupation numbers p i assume the value 0 or 1 and are described by the distribution function
with p = 1−c, where c -is the concentration of the impurity atom. The impurity is uniformly distributed over the entire system, and its position is fixed in simulation for an individual impurity configuration. We consider here disordered systems with spin concentrations p = 0.95, 0.80, 0.60, and 0.50.
To suppress the effect of critical slowing down and correlation of various spin configurations, we used the single-cluster Wolf algorithm, which is most effective in this respect [4, 5] .
A Monte Carlo step per spin (MCS) was assumed to correspond to 1020 rotations of a Wolf cluster depending on the linear size of the lattice being simulated, the spin concentration of the system, and the closeness of the temperature to the critical point. The stabilization of thermodynamic equilibrium required 10 4 Monte Carlo steps, and 10 5 steps were allotted to statistical averaging of quantities being simulated for a given impurity configuration. To determine the average values of thermodynamic and correlation functions, averaging over various impurity configurations was carried out along with statistical averaging (averaging was carried out over 3000 samples for p = 0.95, over 5000 samples for p = 0.80, and over 10000 samples for p = 0.60 and 0.50).
In the course of simulation of various spin systems, correlation length ξ L and susceptibility χ L were carried out on lattices with a linear size L in accordance with the following relations:
where In accordance with the results obtained in [4, 5] and the results of our investigations, the chosen simulation conditions ensure equilibrium values for measurable thermodynamic quantities for all lattice sizes and spin concentrations studied here since the autocorrelation times for magnetization and energy turn out to be not longer than ten Monte Carlo steps per spin even for chosen temperatures closest to the critical temperature (with allowance for the number of turns of the Wolf cluster taken as a step).
III. METHOD OF FINITE-SIZE SCALING
It is known that the second-order phase transition considered here can be manifested only in the thermodynamic limit, when the volume of the system and the number of particles in it tend to infinity. To determine the asymptotic values of thermodynamic quantities A(T )
exhibiting an anomalous behavior near the critical temperature from their values A L (T ) determined on finite lattices, the concepts of the scaling theory concerning the generalized uniformity of thermodynamic functions in the critical region relative to scale transformations of the system are widely used. These concepts formed the basis of various methods of finitesize scaling. Here, we apply the method proposed in [3] and tested by the authors in analysis of the results of simulation of the critical behavior of 2D and 3D pure Ising models.
The idea of this method [3] is that, in accordance with the scaling theory, the size dependence of a certain thermodynamic quantity A L defined on a finite lattice in zero magnetic field can be presented in the critical region in the form
where δ is the critical exponent for the thermodynamic quantity A(τ ) ∼ τ −δ . Taking into account the fact that the correlation length in the critical region behaves as ξ(τ ) ∼ τ −ν , we can write
Then expression (5) can be written in the form
where the relation between scaling functions f A and F A is defined in the form of the relation
If correlation length ξ plays the role of quantity A, Eq. (7) defines ξ L (τ )/L as a function of only one variable ξ(τ )/L. This leads to a relation that makes it possible to find the asymptotic value of any thermodynamic quantity in terms of directly measurable values of where function Q A (x L (τ )) is defined by the expression To satisfy the asymptotic conditions, we chose, analogously to [3] , the scaling function for susceptibility and correlation length in the form of a polynomial dependence of x, as well as of exp (−1/x) :
with coefficients c n selected for each temperature T using the least squares method.
Here, we implement the following scheme of finitesize scaling.
1. For an arbitrary value of τ 0 in the critical temperature range, the values of A L (τ 0 ) and
/L are measured for lattices with increasing size L.
The thermodynamic value of quantity
which is found to be independent of L within the error of measurements. 
Averaged scaling function Q
A aver is determined on the basis of functions Q A (x(L, τ i ), determined for various temperatures τ i for a fixed spin concentration p of the samples. (16) 1130(4) 819 (3) 515(2) 282(2) 187(1) exp 14359(81) 1724 (12) 1126 (5) 813 (4) 513(2) 281(2) (17) 1060 (5) 618 (2) 424 (2) 312 (2) 201(2) exp 2603 (18) 1055(5) 615 (2) 423 (2) 310 (2) 200(1) p=0 (17) 1953 (15) 1308 (7) 967 (5) 611(4) exp 7881(47) 3268 (15) 1937 (14) 1298 (7) 961 (5) 608(4) p=0.50 T (12) 1603(6) 939(4) exp 9169 (165) 5030(43) 3349(25) 2199(12) 1592 (6) 934(3) IV. CALCULATION OF CRITICAL CHARACTERISTICS Asymptotic critical exponent of a thermodynamic quantity A(τ ) is described by the
The temperature dependence is determined for asymptotic values of the thermody-
where A + and A − are the critical amplitudes above and below the critical temperature, respectively. A power law of the type (13) is accurate only in the limit τ → 0. To calculate critical exponents in the intermediate nonasymptotic regime, we must introduce additional correcting terms to power law (13) . In accordance with the Wegner expansion [6] we have
where A i are nonuniversal amplitudes and ω is the critical exponent of the correction to scaling. Here, in the calculation of the characteristics of disordered systems, we use the first correction to the asymptotic behavior for the correlation length and susceptibility:
and calculated critical exponents ν, γ and θ, as well as the critical temperatures using the least squares method for the best approximation of the data presented in Table I by expressions (15) and (16). Table II (10)), obtained in [7] by the renormalizations group methods in the six-loop approximation, which are valid only for systems with low concentrations of impurities.
The above values of critical exponents ν and γ are also in good agreement with the available results of experiments with diluted Ising-like magnets (Table III) . [14, 19] can be treated as supporting our conclusions; these ideas were formulated in our earlier publications [20] on computer simulation of critical dynamics of the disordered Ising model. In fact, in spite of the attractiveness of the idea about a single universal critical behavior with the asymptotic values of critical exponents independent of the spin concentration, which was supported by the authors of [16] , the results obtained in [16] did not make it possible to adequately explain the results obtained for samples with p = 0.90 using the universal critical exponent of scaling correction ω = 0.37(6) for all systems. At the same time, the nonasymptotic values of critical exponents obtained in [16] demonstrated explicit dependence on p and, assuming that ω is not unique, led to two sets of asymptotic critical exponents for weakly and strongly disordered systems. The results of the remaining studies carried out on samples with a single spin concentration coincide as a rule with our results to within experimental error, although some mismatching associated in all probability with the above-mentioned drawbacks also takes place.
V. CONCLUSIONS
The results of our investigations lead to the following conclusions. 
